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miR-217 enhances pancreatic β cell functions  
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Abstract: Objective: Our study aimed to investigate the mechanism by which miR-217 regulates pancreatic β cell 
functions by targeting the KRAS gene in type 2 diabetic mice. Methods: We used a dual luciferase reporter assay to 
confirm that KRAS is a target to which miR-217 binds. HE staining was used to observe the morphology of the islets. 
The fasting blood glucose levels (FBG), fasting insulin levels (FINS), and the homeostatic model assessment for in-
sulin resistance (HOMA-IR) levels were measured. The cell proliferation and apoptosis were compared. qRT-PCR and 
Western blot were applied to measure the mRNA and protein expressions. Results: The fasting blood glucose levels 
(FBG), fasting insulin levels (FINS), and homeostatic model assessment for insulin resistance (HOMA-IR) levels were 
significantly increased in the type 2 diabetic model mice compared with the levels in the control mice. However, if the 
diabetic model mice were transfected with a miR-217 inhibitor and/or the KRAS overexpression plasmid pcDNA3.0-
KRAS, the increases in the FBG, FINS, and HOMA-IR levels could be reversed. Regarding the in vitro transfections, 
the β cells harvested from the type 2 diabetic model mice exhibited decreased cell viability and increased apoptosis. 
In addition, the expression of miR-217 was upregulated, and KRAS was downregulated. Transfection with either the 
miR-217 inhibitor or with pcDNA3.0-KRAS increased β cell viability and decreased apoptosis. Co-transfection with 
the miR-217 inhibitor and pcDNA3.0-KRAS further enhanced these effects on the β cells. Conclusion: miR-217 si-
lencing promotes pancreatic β cell proliferation and inhibits β cell apoptosis by upregulating KRAS expression, and 
this outcome is conducive to the alleviation of insulin resistance in type 2 diabetic model mice.
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Introduction

Diabetes is regarded as one of the world’s 
major health problems. Type 2 diabetes melli-
tus (T2DM), also known as non-insulin-depen-
dent diabetes, is characterized by hyperglyce-
mia due to insulin resistance and β cell dys-
function, accounting for at least 90% of the 
total number of people with diabetes [1-3]. At 
present, the number of Chinese patients with 
T2DM ranks first in the world and is increa- 
sing annually with the development of China. 
Because the high prevalence of T2DM se- 
riously threatens the health of residents in 
China, research on the pathogenesis of T2DM 
is urgently needed to provide a theoretical 
basis for its clinical treatment.

MicroRNAs (miRNAs) are non-coding RNAs of 
approximately 22 nt in length and found in a 

wide variety of organisms, from viruses to hu- 
mans. As a member of the miRNA family, miR-
217 is upregulated in patients with diabetic 
nephropathy (DN) and in rat glomerular mesan-
gial cells cultured in high glucose medium [7, 
8]. The expression of miR-217 is also positively 
correlated with the homeostatic model assess-
ment for the insulin resistance (HOMA-IR) score 
and the total cholesterol levels [9-12]. A num-
ber of recent studies have confirmed that miR-
217 may be involved in the development of pro-
teinuria in patients with T2DM, and miR-217 
may participate in the development of DN by 
promoting chronic inflammation, renal fibrosis 
and angiogenesis [13-16]. Our bioinformatics 
analysis revealed a binding site that facilitates 
interaction between miR-217 and KRAS. Addi- 
tionally, we found in the literature that KRAS 
mutations may lead to the development of 
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renovascular hypertension, congenital lipoma-
tosis and diabetes [17-20]. Therefore, we spec-
ulated that miR-217 may regulate insulin resis-
tance in mice with T2DM by targeting and regu-
lating the KRAS gene.

In this study, a mouse model of T2DM was 
established, and we performed in vitro and in 
vivo transfections using the miR-217 inhibitor 
and the KRAS overexpression plasmid. Our 
study aimed to explore the regulation mecha-
nism of miR-217 and KRAS on the pancreatic 
β-cell function and insulin resistance.

Materials and methods

Dual luciferase reporter assay

A bioinformatics analysis (www.targetscan.com) 
showed that miR-217 has a putative binding 
site for the KRAS gene. A dual luciferase report-
er assay was performed to verify the targeting 
relationship between miR-217 and KRAS. The 
3’UTR of the KRAS gene was amplified and 
inserted downstream of the firefly luciferase 
gene in the pmirGLO vector (Promega, USA), 
and the construct was named Wt-KRAS. The 
3’UTR of the KRAS gene with a mutated bind- 
ing site was inserted downstream of the firefly 
luciferase gene in the pmirGLO vector, and the 
construct was named Mut-KRAS. Then, an miR-
217 inhibitor or an miR-217 inhibitor negative 
control (NC) was co-transfected with the dual 
luciferase reporter plasmid into normal β cells 
according to the instructions provided by Pro- 
mega.

Animals

A total of 85 specific pathogen-free, 8-week-old 
male C57BL/6J mice weighing 20-25 g were 
purchased from Beijing Vital River Laboratory 
Animals Inc. All the animals were raised in a 
pathogen-free environment at 25±1°C and 
40-70% humidity with a 12-hour light/12-hour 
dark cycle. All the animals had free access  
to food and drink. The animal work was per-
formed at the Wuhan Institute of Physics and 
Mathematics, and this study was approved by 
the Animal Care and Use Committee of the 
Wuhan Institute of Physics and Mathematics 
(no. 20180812).

Animal modeling and grouping

Upon arrival, 15 mice were randomly selected 
as the normal group and fed a normal diet. The 

other 70 mice were fed a high-sugar and high-
fat diet (5% lard and 5% sugar, Beijing Bo’ao 
Harbor Business Center) for one month, follow- 
ed by daily intraperitoneal injections with 40 
mg/kg streptozotocin (STZ, Sigma) for 5 days. 
The normal group received vehicle (50 mM 
sodium citrate, pH 4.5) injections for 5 days.  
A glucometer (Roche, Germany) was used to 
measure the tail blood glucose levels at 8 a.m. 
after fasting for 12 hours. The generation of  
the model was considered successful if the 
fasting blood glucose (FBG) levels were higher 
than 11.1 mmol/L for 3 consecutive days.

Of the mice in which the disease model was 
successfully established, 50 mice were ran-
domly selected and divided into 5 groups with 
10 mice in each group: the model group (type  
2 diabetic model mice), the NC group (type 2 
diabetic model mice injected with the empty 
transfection agent through the caudal vein),  
the miR-217 inhibitor group (type 2 diabetic 
model mice transfected with the miR-217 in- 
hibitor through the caudal vein), the oe-KRAS 
group (type 2 diabetic model mice transfect- 
ed with pcDNA3.0-KRAS through the caudal 
vein), and the miR-217 inhibitor + oe-KRAS gr- 
oup (type 2 diabetic model mice co-transfect- 
ed with the miR-217 inhibitor and pcDNA3.0-
KRAS through the caudal vein). All the mice 
received caudal vein injections once a week  
for 4 consecutive weeks. The miR-217 inhibitor 
and pcDNA3.0-KRAS were purchased from 
Shanghai GenePharma Pharmaceutical Tech- 
nology Co., Ltd., China.

Determination of the FBG levels

After fasting for 12 h, the mice were anesthe-
tized with 3% sodium pentobarbital at a dose  
of 30 mg/kg (Sigma, USA), and a 200 μL blood 
sample was withdrawn from the retro-orbital 
sinus. The blood samples were allowed to  
stand at room temperature for 2 h and then 
centrifuged at 3,000 r/min for 20 min to sepa-
rate the serum. The serum was collected into  
a 1 mL EP tube and stored at -80°C for later 
use. The FBG levels were measured using a  
glucose oxidase assay kit (Beijing Biosino 
Biotechnology Co., Ltd.). The absorbance value 
of each sample at a wavelength of 505 nm, 
which is proportional to the glucose level, was 
measured using a microplate reader (Hitachi, 
Japan).
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Determination of the fasting insulin (FINS) 
levels

The FINS was measured using an enzyme-link- 
ed immunosorbent assay (ELISA) kit (Solarbio, 
China) in accordance with the manufacturer’s 
instructions. The standard reference and sam-
ples were loaded in the microplate, and HRP-
labeled insulin antibody was added to form a 
complex with the sample. After applying the 
chromogenic substrate TMB, the absorbance 
value was measured at a wavelength of 450 
nm to calculate the insulin concentration of 
each sample based on the standard curve.

Hematoxylin-eosin (HE) staining

After the blood collection, the anesthetized 
mice died of excessive blood loss with their 
heartbeats stopping and pupils diffusing. The 
pancreas was promptly harvested and immer- 
sed in 10% formaldehyde. Paraffin sections 
were made and dewaxed with xylene. The sec-
tions were dehydrated using a gradient of etha-
nol and then rinsed with distilled water for 2 
min. Hematoxylin and eosin was used to stain 
the sections for 5 min. The sections were then 
deparaffinized and sealed with resinene. An 
optical microscope (Bingyu Optical Instrument 
Co., Ltd., China) was used to observe the mor-
phological changes of the islet cells.

HOMA-IR

HOMA-IR was calculated using the following  
formula: HOMA-IR = FBG * FINS/22.5. HOMA-
IR is an indicator of insulin resistance, and a 
higher value represents more severe insulin 
resistance.

Isolation of pancreatic β cells

Pancreatic tissue was harvested from the mice 
in the normal and model groups. The speci-
mens were rinsed twice with PBS to remove  
the excess fat and lymphatic nodes and were 
cut using microsurgery scissors. The pancreat-
ic β cells were isolated using cold trypsin-EDTA 
digestion. The cells were then seeded in cul- 
ture flasks with DMEM/F12 medium contain- 
ing 20% fetal bovine serum (Jingke Chemical 
Technology Co., Ltd., China). The cells were cul-
tured in an incubator with 5% CO2 at 37°C. 
When the cells reached 80-90% confluence, 2 
mL of 0.25% trypsin (GIBCO, USA) was added 
for 3 min for digestion, and then the medium 

was replaced by DMEM/F12 containing 10% 
serum. The cell suspension was collected by 
repeated pipetting and centrifuged at 1,000  
r/min for 6-8 min at 4°C. The cells were then 
subcultured in a complete medium (Innovare 
Biomedical, China) at a ratio of 1:3.

Cell grouping and transfection

Pancreatic β cells from the normal and the mo- 
del groups were seeded into 6-well plates at  
a density of 1*105 cells/well, with 3 replicate 
wells for each group. The β cells were divided 
into 6 groups: the normal group (β cells from 
the normal group), the model group (β cells 
from the model group), the NC group (β cells 
from the model group transfected with an 
empty transfection agent), the miR-217 inhibi-
tor group (β cells from the model group trans-
fected with the miR-217 inhibitor), the oe-KRAS 
group (β cells from the model group transfect- 
ed with pcDNA3.0-KRAS), and the miR-217 
inhibitor + oe-KRAS group (β cells from the 
model group co-transfected with the miR-217 
inhibitor and pcDNA3.0-KRAS). The miR-217 
inhibitor and pcDNA3.0-KRAS (50 nmol/L, 
Vigenebio, USA) were centrifuged and mixed 
with 170 μL PBS. The mixture was allowed to  
sit for 5 min before 30 μL Lipofectamine 2000 
(Thermo Fisher, USA) was added. The transfec-
tion was performed in strict accordance with 
the manufacturer’s instructions. At 6 h after 
the transfection, the medium was replaced 
with DMEM/F12 containing 10% fetal bovine 
serum.

Determination of the cell viability using an MTT 
assay

At 48 h after the transfection, the pancreatic β 
cells were digested and seeded into 96-well 
plates at a density of 3-6*103 cells/well in a 
volume of 100 µL/well. Each group included 6 
replicate wells. At 24 h, 48 h, and 72 h after the 
transfection, 20 μL of MTT solution (GIBCO, 
USA) at a concentration of 5 mg/mL was added 
to each well, and the incubation was continued 
for another 4 h. Then, 100 μL DMSO was add- 
ed to each well and gently mixed for 10 min. A 
microplate reader (Beijing Noah Instrument 
Co., Ltd., China) was used to measure the ab- 
sorbance value (the OD value) of each well at a 
wavelength of 490 nm. The assay was per-
formed 3 times, and the cell viability curve was 
plotted with each time point as the abscissa 
and the OD value as the ordinate.
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Determination of the cell cycle and apoptosis 
using flow cytometry

The pancreatic β cells were collected 48 h after 
transfection. The cells were washed 3 times 
with PBS and centrifuged at 3,000 r/min for  
20 min. The supernatant was discarded, and 
the cell density was adjusted to 1*106/mL. The 
cells were fixed by adding 1 mL cold 75% etha-
nol at 4°C for 1 h. Then the cells were washed 
twice with PBS before adding 100 μL RNase A 
(Thermo Fisher, USA). A volume of 400 μL PI 
(Sigma, USA) was added to stain the cells, and 
then, the cell cycle stages were assessed us- 
ing a flow cytometer (Beckman Coulter, USA) to 
measure the red fluorescence at a wavelength 
of 488 nm.

At 48 h after the transfection, the pancreatic β 
cells were digested using trypsin (Thermo Fish- 
er, USA) without EDTA and then collected in a 
sample tube. The sample tube was centrifuged 
at 3,000 r/min for 30 min, and the supernatant 
was discarded. The cells were washed 3 times 
with cold PBS before adding 100 μL Annexin-V-
FITC/PI staining solution. The staining solution 
was made by mixing HEPES buffer, Annexin-V-
FITCm and PI at a ratio of 50:1:2. The mixture 
was incubated at room temperature for 15 min. 
The cellular apoptosis was assessed by mea-
suring the FITC and PI fluorescence at an exci-
tation wavelength of 488 nm and emission 
wavelengths of 525 and 575 nm, respectively. 
The experiment was repeated three times.

Quantitative real-time PCR (qRT-PCR)

At 48 h after the transfection, the pancreatic β 
cells were harvested, and the total RNA was 
extracted using the TRIzol reagent (Invitrogen, 
USA). The RNA was reverse transcribed into 
cDNA using a Reverse Transcription Kit (Merck, 

USA). The PCR mixture was prepared using the 
SYBR® Premix Ex TaqTM II Kit (Xingzhi Biotech- 
nology Co., Ltd., China). The total reaction vol-
ume was 50 μL, and it contained the follow- 
ing: 25 μL SYBR® Premix Ex TaqTM II (2×), 2 μL 
upstream primer, 2 μL downstream primer, lμL 
ROX Reference Dye (50×), 4 μL DNA template, 
and 16 μL ddH2O. qRT-PCR was performed 
using an ABI 7900HT system (ABI, USA). The 
reaction conditions were as follows: predena-
turation at 95°C for 30 s, denaturation at 95°C 
for 5 s, annealing at 58°C for 30 s, and exten-
sion at 72°C for 15 s. The cycle was repeated 
40 times. The relative expression level of each 
gene was calculated using the 2-ΔΔCt method 
with GAPDH as the internal reference for KRAS 
and U6 as the internal reference for miR-217: 
ΔCt = CT(gene of interest) - CT(internal reference). The reac-
tion was repeated 3 times. The primers are 
listed in Table 1.

Western blot

The pancreatic β cells were digested and har-
vested at 48 h after transfection, and the total 
protein was extracted using a RIPA buffer con-
taining PMSF (Solarbio Life Science Co., Ltd., 
China). The protein concentration was mea-
sured using a BCA kit (Thermo Fisher, USA) and 
adjusted with deionized water. The samples 
were mixed with a loading buffer and boiled for 
10 min. A total of 20 μg protein per sample was 
added to each lane of a 12% SDS-PAGE gel 
(Biolab Technology Co., Ltd., China). Electro- 
phoresis was carried out at 80 V for 2 h. The 
protein was transferred to a PVDF membrane 
(Millipore, USA) at a voltage of 110 V for 2 h. 
The membrane was then blocked with 5% skim 
milk at 4°C for 2 h. After discarding the block- 
ing solution, the membrane was washed with 
TBST (Solarbio, China) and incubated with the 
following primary antibodies overnight at 4°C: 
rabbit anti-human KRAS (1:500, Abcam, UK) 
and GAPDH (1:2,000, Abcam, UK). Then, the 
membrane was incubated with HRP-labeled 
goat anti-rabbit IgG antibodies (1:5,000, Bei- 
jing Zhongshan Biotechnology Co., Ltd., China) 
for 2 h at room temperature. The membrane 
was washed 3 times with TBST before a DAB 
horseradish peroxidase color development so- 
lution was applied. The membrane was expo- 
sed and photographed with a Bio-Rad image 
analysis system (BIO-RAD, USA). ImageJ soft-
ware was used to calculate the relative expres-

Table 1. The qRT-PCR primer sequence
Gene Sequence
miR-217 F: 5’-ATGTTGCGGACTTGCTATCTGT-3’

R: 5’-AGTAGAATGTGTGGGTGATCCT-3’
KRAS F: 5’-CTCTAGTTCTGGATACCTAG-3’

R: 5’-TACTGTGTGCCAGTCACAGC-3’
U6 F: 5’-CAATATGCCCTCGACGGGTA-3’

R: 5’-CGCACCACGGACACATGACT-3’
GAPDH F: 5’-GGGCTGCTTTTAACTCTGGT-3’

R: 5’-GCAGGTTTTTCTAGACGG-3’
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sion by comparing the gray value of the protein 
of interest with the gray value of GAPDH. The 
experiment was repeated 3 times.

Statistical analysis

All the data were analyzed using SPSS 21.0 
software. The quantitative data are expressed 
as the mean ± standard deviation (

_
x  ± sd). The 

comparisons between multiple groups were 
analyzed using one-way ANOVA, followed by 
Bonferroni’s post-hoc comparisons. A P value 
less than 0.05 was considered statistically 
significant.

Results

miR-217 can target the KRAS gene

The bioinformatics analysis using online soft-
ware TargetScan (www.targetscan.com) indi-
cated that the 3’UTR of KRAS the gene has a 
putative binding site for miR-217 (Figure 1A). A 
dual luciferase reporter assay showed that β 
cells co-transfected with the miR-217 mimic 
and Wt-KRAS had significantly lower luciferase 
activity than the cells transfected with the miR-
217 mimic NC and Mut-KRAS (all P<0.05, Fig- 
ure 1B). The results indicated that KRAS is a 
target to which miR-217 binds.

HE staining

HE staining was performed to observe the pan-
creatic islet morphology in each group (Figure 
2). The islet cells in the normal group were ar- 
ranged neatly and exhibited regular cell sizes, 
and they had mostly round nuclei and clear 
chromatin. In contrast, the islets in the model 
group and the NC group were decreased in 

number and were atrophic and arranged irregu-
larly with vacuolar degeneration. Pyknosis and 
lysis were observed in the islet tissues, and the 
presence of lymphocytes and monocytes indi-
cated tissue inflammation. In the miR-217 inhi- 
bitor group, the oe-KRAS group, and the miR-
217 inhibitor + oe-KRAS group, the islets ap- 
peared relatively normal with minor bleeding 
and vacuolar degeneration, and the number of 
cells was mildly decreased.

FBG, FINS, and HOMA-IR levels

The FBG (Figure 3) and FINS levels (Figure 4)  
in each group were measured, and the HOMA-
IR values (Figure 5) were calculated. Compar- 
ed with the normal group, the FBG, FINS, and 
HOMA-IR levels in the other groups were 
increased (all P<0.05). No differences were 
observed between the NC group and model 
group in the levels of these markers (all P> 
0.05). Compared with the model group, the 
FBG, FINS, and HOMA-IR levels were decreas- 
ed in the miR-217 inhibitor group, the oe-KRAS 
group, and the miR-217 inhibitor + oe-KRAS 
group (all P<0.05). The miR-217 inhibitor + oe-
KRAS group showed more decreased FBG, 
FINS, and HOMA-IR levels than both the miR-
217 inhibitor group and the oe-KRAS group (all 
P<0.05). Silencing miR-217 or overexpressing 
KRAS reduced the FBG, FINS, and HOMA-IR  
levels in the type 2 diabetic mice.

MTT assay

The comparison of the β cell viability in each 
group is shown in Figure 6. Compared with the 
normal group, the β cell viability in the other 
groups was decreased at 48 h and 72 h (all 
P<0.05). Compared with the model group, the  

Figure 1. The KRAS gene is a target to which miR-217 binds. A: The binding sequence of miR-217 and KRAS 3’-UTR; 
B: Relative luciferase activity. *P<0.05, compared with the miR-217 mimic negative control. NC: negative control.
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Figure 2. HE staining of the pancreatic tissue (200×). HE: hematoxylin-eosin; NC: negative control.
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β cell viability in the miR-217 inhibitor group, 
the oe-KRAS group, and the miR-217 inhibitor + 
oe-KRAS group were increased (all P<0.05). 
There were no differences between the model 
group and the NC group at all time points (all 
P>0.05). The β cell viability in the miR-217 
inhibitor + oe-KRAS group was higher than it 
was in the miR-217 inhibitor group and the oe-

KRAS group (all P<0.05). Silencing the miR- 
217 or overexpressing the KRAS significantly 
increased β cell viability in the type 2 diabetic 
model mice.

β cell cycle

Flow cytometry was used to determine the cell 
cycle in each group (Figure 7). Compared with 
the normal group, the proportions of β cells in 

Figure 3. Comparison of the fasting blood glucose 
levels. FBG: Fasting blood glucose; NC: negative 
control. *P<0.05, compared with the normal group; 
#P<0.05, compared with the model group; &P<0.05, 
compared with the miR-217 inhibitor group; @P<0.05, 
compared with the oe-KRAS group.

Figure 4. Comparison of the fasting insulin levels. 
FINS: Fasting insulin; NC: negative control. *P<0.05, 
compared with the normal group; #P<0.05, compared 
with the model group; &P<0.05, compared with the 
miR-217 inhibitor group; @P<0.05, compared with 
the oe-KRAS group.

Figure 5. Comparison of the HOMA-IR. HOMA-IR: Ho-
meostatic Model Assessment for Insulin Resistance; 
NC: negative control. *P<0.05, compared with the 
normal group; #P<0.05, compared with the model 
group; &P<0.05, compared with the miR-217 inhibitor 
group; @P<0.05, compared with the oe-KRAS group.

Figure 6. Comparison of the β cell viability. OD: Opti-
cal density; NC: negative control. *P<0.05, compared 
with the normal group; #P<0.05, compared with the 
model group; &P<0.05, compared with the miR-217 
inhibitor group; @P<0.05, compared with the oe-
KRAS group.



miR-217 enhances β cell functions by targeting KRAS

7400 Int J Clin Exp Med 2020;13(10):7393-7405

Figure 7. Comparison of the β cell cycles using flow cytometry. A: The growth cycles of pancreatic β cells in each group; B: Statistical diagram of the pancreatic β cell 
growth cycle in each group. NC: negative control. *P<0.05, compared with the normal group; #P<0.05, compared with the model group; &P<0.05, compared with the 
miR-217 inhibitor group; @P<0.05, compared with the oe-KRAS group.
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the G1 phase were increased in the other 
groups, but the proportions of β cells in the S 
phase were decreased (all P<0.05). Compared 
with the model group, the proportions of β cells 
in the G1 phase were decreased in the miR-217 
inhibitor group, the oe-KRAS group, and the 
miR-217 inhibitor + oe-KRAS group; however, 
the proportions of the β cells in the S phase 
were increased (all P<0.05). No differences 
were observed between the model group and 
the NC group in the distribution of the cell 
cycles (all P>0.05). The miR-217 inhibitor + oe-
KRAS group had a lower proportion of β cells in 
the G1 phase and a higher proportion of β cells 
in the S phase compared with the miR-217 
inhibitor group and the oe-KRAS group (all 
P<0.05).

β cell apoptosis

The cellular apoptosis was measured using  
flow cytometry (Figure 8). Compared with the 
normal group, the β cell apoptosis rates in the 
other groups were increased (all P<0.05). 
Compared with the model group, the β cell 
apoptosis rates in the miR-217 inhibitor group, 
the oe-KRAS group, and the miR-217 inhibitor + 
oe-KRAS group were decreased (all P<0.05). 
There were no differences between the model 
group and the NC group (P>0.05). The β cell 
apoptosis rate in the miR-217 inhibitor + oe-
KRAS group was lower than it was in the miR-
217 inhibitor group and the oe-KRAS group (all 
P<0.05). Silencing miR-217 or overexpressing 
KRAS significantly inhibited β cell apoptosis in 
type 2 diabetic model mice.

miR-217 and KRAS expressions in pancreatic 
β cells

The qRT-PCR and Western blot results are 
shown in Figure 9. Compared with the normal 
group, the model group had an increased 
expression level of miR-217 and decreased 
mRNA and protein expression levels of KRAS 
(all P<0.05). Compared with the model group, 
the expression level of miR-217 was decreased 
in the miR-217 inhibitor group and in the miR-
217 inhibitor + oe-KRAS group, and the mRNA 
and protein expression levels of KRAS were 
increased in the miR-217 inhibitor group, the 
oe-KRAS group, and the miR-217 inhibitor + oe-
KRAS group (all P<0.05). There were no differ-
ences between the model group and the NC 

group in terms of their miR-217 and KRAS ex- 
pressions (all P>0.05).

Discussion

microRNAs, widely existing in mammals, have  
a very important regulatory role in biological 
functions. miR-217, a member of the miRNA 
family, has a high expression level in diabetics 
and has a significant regulation effect on insu-
lin resistance and blood glucose levels [21-24]. 
Li et al. found that in diabetic nephropathy, the 
upregulation of miR-217 can lead to an increa- 
se in oxidative stress [25]. In addition, Wang et 
al. suggested that miR-217 can be used as a 
potential biomarker for acute pancreatic exo-
crine toxicity in rats, and the expression of miR-
217 was significantly upregulated after pancre-
atic injury [26]. In this study, we established a 
mouse model of T2DM and transfected the 
model mice with miR-217 inhibitors and KRAS 
overexpression plasmids. The results showed 
that the expression of miR-217 was significant-
ly upregulated in the type 2 diabetic model 
mice compared to the normal mice. Compared 
with the model group, the FBG, FINS, and insu-
lin resistance index HOMA-IR levels were sig- 
nificantly lower in the miR-217 inhibitor-trans-
fected mice. In addition, we isolated pancreatic 
β cells from the normal and model mice and 
transfected the pancreatic β cells from the 
model mice with a miR-217 inhibitor. We found 
that the miR-217 inhibitor group showed sig- 
nificantly increased β cell viability and decrea- 
sed cellular apoptosis compared to the other 
groups. The results indicated that miR-217 is 
upregulated in type 2 diabetic mice. The inhibi-
tion of miR-217 could lower the FBG levels and 
alleviate insulin resistance; moreover, pancre-
atic β cell functions were improved by promot-
ing β cell viability and inhibiting cell apoptosis.

At present, several studies have shown that the 
KRAS mutation can lead to the occurrence of 
renal vascular hypertension, congenital lipoma-
tosis, and diabetes [27-29]. The results of this 
study showed that the FBG, FINS and HOMA-IR 
levels were significantly decreased in the miR-
217 inhibitor and oe-KRAS groups compared to 
the model group. In addition, the β cell viability 
was increased, and the cellular apoptosis was 
decreased in the two groups. These changes 
were even more pronounced in the group that 
was co-transfected with the miR-217 inhibitor 
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Figure 8. Comparison of the β cell apoptosis using flow cytometry. A: The apoptosis of pancreatic β cells in each group; B: Statistical diagram of the pancreatic β cell 
apoptosis in each group. NC: negative control. *P<0.05, compared with the normal group; #P<0.05, compared with the model group; &P<0.05, compared with the 
miR-217 inhibitor group; @P<0.05, compared with the oe-KRAS group.
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and oe-KRAS. Together, these results show 
that after silencing miR-217 in type 2 diabetic 
mice, the expression of KRAS is significantly 
increased due to decreased inhibition; there-
fore, the mice have lower FBG levels, decreased 
insulin resistance, and better β cell functions.

However, there are still some limitations to this 
study. First, due to some technical limitations, 
we did not quantify the purity of the pancreatic 
β cells and only examined the purity through 
observation under a microscope. It is unclear 
whether the presence of small number of other 
cells, such as duct cells, acinar cells, and pan-
creatic α-cells, may influence our study results. 
Second, in light of the fact that the β cell func-
tions in the miR-217 inhibitor + oe-KRAS group 
were significantly better than they were in the 
miR-217 inhibitor group or oe-KRAS group, we 
speculate that miR-217 may regulate β cell 
functions through other signaling pathways. 
The specific link between miR-217 and KRAS 
and the regulatory network of miR-217 have not 
yet been fully defined. By using RNA-Seq, we 
may find more clues to make the mechanism 
clear. Moreover, whether miR-217 and KRAS 
can be used as therapeutic targets requires 
further clinical experiments.

In conclusion, we confirmed that miR-217 can 
downregulate the expression of KRAS, leading 
to impaired insulin sensitivity and pancreatic β 
cell functions in type 2 diabetic mice.
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